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ABSTRACT

Time reso lved emissions from CO2 and the radiative recombina-

tion of CO and 0 (flame—band emission) have been monitored In a

var i e ty of N20/CO/Ar mixtures. These mixtures were studied behind

reflected shock waves at temperatures between 2100-3200 K and total

concentrations between 2.5-7.7X1018 molec /cm 3. The flame-band de-

tector was calibrated so that absolute concentrations of atomic ox-

ygen could be determined. This data was shown to be consiste nt with

the following mechanism:

N 20 + M = N2 + 0 +

N 20 + 0 = 2N0 ; and

N 20 + 0 = N 2 + 02

with k 1 = 4.5X 10~~° exp(-226kJ /RT) cm
3 mole~~~ s~~ and k2 = k3 =

7.7XlO fl exp(—ll 7kJ /RT). This combination was also shown to be

cons istent with earlier data from this laboratory .

CO 2 was observed to increase linearly with time In these ex-

per iments and an apparent recombination rate constant defined as

kapp dCO 2/dt/((CO] (0) (M]) was measured and found to be a function

of pressure. This behavior was attributed to the presence of very

small concentrat ions of hydrogenous Impuritie s, Data at higher pres-

sures were used to estimate the rate constant for the recomb inat lon

CO + 0 + M - CO + M2

since the effect of impurities was minimized here. It was found

that k~ — (1.6 ± 0.3) X 1O~~~ cm6 molec 2 ~~~~~~~ between 21 00-3200 K.

This value Is shown to be consistent with recent studies of CO2
d issociation which report “normal ” ac tivation energies .

~
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4 INTROD UCTION

Althou gh room temperature measur ements of the recomb in ation

reaction

CO + 0 + M ~~~ CO 2 + M

generally show good agreement [1), there is no such consen sus at

higher temperat ures. Direct high temperature measur ements have been

attempted by several groups. Brabbs and Belles [2] reported 6XlO 35

< kr < 3X10 34 cm 6 molec _ 2 .~s
1 for 2800 < T < 3600 K. The resu lts

were not considered sufficiently precise to determine the effect of

temperature. u n  and Bauer [3] reported kr = 7.8X10 36 exp(+99.5

kJ/RT) for 1 500 < T < 3000 K. Hardy , et al. ,[4] investigated the

recombination between 1200 and 2400 K and determined an upper limit

of 6X10 34 at 1500 K. A comparison of these values shows that the

Lin-Bauer results are highest and that the reported negat ive activa-

tion energy of 99.5 kJ appears to be too large. For example , the

Lin-Bauer value at 1500 K is forty times larger than the upper limit

of Hardy , et al.. Much of this discrepancy can be attribut ed to the

choice of rate constants used in the numerical integrations of u n

and Bauer.

This uncertainty as to the magnitude and temperature dependence

of kr is particularly unfortunate since there exists a corresponding

uncertainty with regard to kd. Here activation energies have ranged

from 309 to 460 kJimole. It has been shown (5] that small concentra-

tions of organic impurities can drastically effect the interpreta-

tions of the dissociation experim ents and thus assignment of an ac-

tivat ion energy to the dissociatio n reaction is particularly dif fi-

A
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cult. A reliable value of kr a t high tempera tures could th en serve
as a useful guide In assigning an activation energy to k

For some time now this laboratory has been utilizing nitrous

ox ide as a high temperature source of oxygen atoms)kT~ Recently,

an independent technique has been used to calibrate the detector

system for oxygen atoms. Wi th this calibration factor known , more

refined experiemnts have been performed in which the absolute oxy-

gen atom concentration can be monitored as a function of time. It

was found that only slight modifications of earlier rate constant

assignments were required to quantitatively explain these new results.

In this light it is now felt that the dissociati on kinetics of N~O

are reasona bly well understood. Thus the C0~ pro duc t ion rate in
-- _____ - —• c~br .CO mixtures has been measured in an attempt to determine k~,Js It is

shown that small amounts of impurities can drastically affect the

C0~ production rate. Analy sis of this impurity effect has yielded

estimates of the actual recomb ination rate constant between 2100
~~~ ran d 3200 K. The value of k~~de termined In this way is shown to be
I
f 

su~~~~
cons istent wi th the recent measurements of k/reported by Wagner

J.~r11
’
~~an d KieferjJT~~wh lch yielded 

)
~norma lw act iva ti on en ergi es

for CO~ d issociation.
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E X P E R  I M E N T A L

The 7.6 cm shock tube and gas handlin g system have been de-

scr ibed previously [9,10]. For these experiments infrared emi ssion

was collimate d by two slits 1.5 mm wide and 5 mm high placed 50 mm

apart. The CO2 em ission was isolated with a 4.27 im Interference

filter (FWHM = 0.18 Mm) ; it was then focussed by a spherical mir-

ror on to the sensitive element of a liquid-nitrogen-cooled ind ium

an timonide detector. Visible emissions were monitored by an RCA

1P28A/V1 photomu ltiplier mounted behind a 450 nm interference fil-

ter (FWHM = 6.5 nm) and two 1 mm wide X 2 mm high collimating slits

38 mm apart. These collimating slits are smaller than those used

previ ously to further reduce the amount of scattered light reaching

the detector. The visible slits used here resulted In a fifty fold

reduct ion in signal relative to that obtained with the 1.5 mm wide

X 1 9 mm high slits used earlier [10). Preliminary experiments with

the larger slits showed peculiarities along portions of the signa l-

time profile that disappeared when the smaller slits were used. In

l i ke mann er, the somewhat shor ter IR slits used here gave better-

shaped profiles In CO 2 calibrat ion experiments.

The IR detector-preamp had a nominal response time of 1 psec

and the response time of the visible system was measured to be less

than 2 Msec. The signals from these detectors were recorded on

either a Blomat lon Model 805 transient recorder or an oscilloscop e-

camera combination.

M i x t u r e s  we re m a d e  w i t h  1420 supplied by either Liquid Carbonic

(99.9% stated minimum purity ) or AIRCO (99.995%), CO suppl i ed by

Matheson (99.99%) and AIRCO argon (99.9998%). The CO was slowly 

.- -• . --——-
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passed through a coil of copper tubing at 7 70  K prior to introduc-

tion to the vacuum line. The shock tube was typica lly pumped to

2.5 mPa with an observed lea k— outgassing rate of 2.5 mPa/min ..
Sho ck s were usuall y in iti ated wi th i n one m i nute of p ump i sol at i on

so that the nominal bac kground pressure was 5 mPa. Hel i um was used

as the driver gas In all experiments , and shocks were i n i ti ated

by both spontaneous and manual rupture of Mylar diaphragms. 
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RESULTS

A var ie ty of N20/CO/Ar mixtures in itially at pressures of 1.2-

4.0 kPa were heated behind reflected shock waves to 2015—3440 K .

Me asured incident shock velocities were used to compute the no-

reac t ion  condi t ions behind the reflected shock. As in the earlier

work [6 ,10], there was l i t t le di f ference in conditions calculated

using a constant  ve loc i ty  assumpt ion and those where the measured

veloc ities were extrapolated to the observation window. Invariably ,

these two methods yielded temperatures within 40 K. The cond itions

l isted in Table I were obtained with the constant velocity assump-

tion.

A p ressure transducer i n the plane of the observa t ion  wind ow s

allowed for d irect measurement of the post-shock pressure as well

as to serve as an indicator of the arrival of the re f lec ted shock .

These arr ival times were consistent with those calculated from the

inc ident shock velocity data. The agreement between the measured

and calculated post-shock pressures was most satisfactory . For

mos t mixtures the observed pressure was within a few percent (i.e.,

the measurement error) of that calculated. In the worst cases the

difference was only 6%. This pressure profile was observed to be

constant over the interva l where time resolved emission data were

obtained. This observation was taken to mean that the ideal shock

assumpt ions were applicable.

The signal at 4.27 Mm was observed to increase abruptl y upon

shock front passage and then decline to a non-zero plateau before

beginn ing to increase linearly on a time scale of hundreds of micro-

A
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seconds .  The In i t ia l  r ise and decay is due to N2 0 emiss ion  and

the non-zero p la teau results from CO emission. The linear rise at

la ter  t ime s is a t t r ibu ted to CO 2 product ion.  The measured rate of

signal change i n this l i near region was conver ted to a CO 2 produc-

ti on ra te usin g cal i brat ion fact ors ob taine d in a ser i es of C02/Ar

exper iments .  It was shown that the observed signal was d i rec t l y

pro por ti onal to the CO 2 concentra t i on for the condi tions of the se

exper iment s .  Va lues observed for this constant  rate of CO 2 produc-

tion are listed in Table I. Data reported for Mixtures A & B were

obtained from measuremen t of scope traces , whereas all oth er da ta

were co l lec ted  w i th  the t rans ient  recorder.

Systems conta in ing oxygen atoms and carbon monoxide are known

to emit radiation whose intens ity Is proportional to the product of

the concentrations of these species [11]. Here , this emission was

mon itored at 450 nm. Schott’ s par t ia l  equi l ibr ium technique [ill

was u sed to cal i bra te this sig nal for oxygen atoms by shoc ki ng a

m i x ture of H2/O 2/CO/CO 2/Ar to 2000-2700 K. Quasistable concentra-

tions of oxygen atoms and carbon monoxide are rapidly attained and

remain for some time prior to the onset of recomb ination. These

concen trations are easily calc ulated with an appropriate set of

equilibrium constants. Background emissions were estimated from

separate experiments with an H2/02/Ar mix ture and subtracted from

the observed signals. Use of the corrected (constant) signal in

conjunction with the calculated “par tial-equilibrium ” concen tra ti ons

of CO and 0 was sufficien t to calibrate the system. The observed

temperature dependence of this calibration factor was consistent 

-.~~~—~~—-~~-——— —- — — .-~~~- 
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w i t h  t hat reported by Schot t , et al En ]. Use of th is fac to r  in

the N 20/ CO / Ar  exper im ents was s t ra igh t fo rward . The observed  s ignal

was first correcte d for background emissions obtained in a series

of exper iments  w i th  a 1% N 20/Ar mixture at an Init ial pressure of

2.7 kPa. These corrections were only applied to those N2OfCO /Ar

mixtures w i th  1% N 2 0 and in i t ia l  pressures  of 2 .7  kPa. T he ob-

served CO 2 concentration was sufficiently small to justify the as-

sumption that the CO concentration remained at its initial value. Use

of th is in i t ia l  va lue  and the ca l i b ra t i on  factor  then a l l owed  the

cor rec ted  s ignal  to be conver ted into a cor responding oxygen atom

concen t ra t i on .  It was observed  that this concent ra t ion  rap id ly

approached a constant  va lue which was ma in ta ined  for hundreds of

microseconds.  In some cases  the signal was observed to fal l  s l ight ly

below the p la teau va lue  at longer t imes.  The p la tea u va lues  are

listed in Table I as [0]rxn~ 
A lthough values are not reported for

mixtures  other than those when the back ground emiss ions were avai l -

ab le , the magnitude of the uncorrected s igna ls  in those ca ses  were

cons is ten t  w i th  those reported. Va lues  of [O] r x n  for Mixtures A & B

were obtai ned from th e transi en t recorder , and those for Mixtures

C & D were taken from osci l loscope t races .  It is fe l t  that the

data obtained from the oscilloscope traces are less accurate. Here

it was more diff i cult to apply background correc ti ons , and the

vo l tages  could not be measured as accurate ly .  It is es t imated that

the t0
~rXn data in Mix tures A & B are good to about 5%, whereas

that in C and D are only good to 10%.

A
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DISCUSSI ON

~20 D issoc ia t i on  Kinet ics.  It is genera lly accep ted  that the dis-

sociation of n i t rous ox ide occurs v ia  the fo l l ow in g  mechanism w i th

k 111 :

N 20 + M = N 2 + O + M  ( •I )

N20 + 0 = 2N 0 ( I I )

N 20 + 0 = N~ + 02 ( I I I )

Recent work in t his laboratory  [6 ,10] has suggested that the ra t io

+ k 111 ) is much higher than prev ious ly  thought [12] . The

concentration of atom ic oxygen produced In N 20 d i s s o c i a t i o n  is clear-

ly very sens itive to the value of this ratio; hence the observation

of oxygen atom concent ra t io ns  reported in this work a l l o w s  for a

more def in i te  ass ignment  of rate cons tan ts  in this system. Since

CO must be added to monitor the oxygen atoms , the poss ib i l i t y  of two

compet ing reac t ions  must be cons idered :

CO + N 20 + CO 2 + N 2 (IV)

C O + O + M + C 0 2 + M  (V)

There is exper imental evidence to suggest that neither of these reac-

t ions apprec iab ly  perturbs the oxygen atoms produced v ia  Reac t i ons

(I)-(III). Note in Fig. 1 that , within the scatter , the oxygen

atom concentration is not decreased as CO Is doubled. This obser-

vation Is consistent with Lin and Bauer s [3] reported value of k IV ;

use of th at va l ue In calcul at ions showe d a ne g l igi ble de crease i n th e

oxygen atom concentration in a mixture of 1% N 20/4.35% CO/Ar. The ob-

serve d cons ta n t va l u e of the correc ted 450 nm sig nal sugg ests tha t

Rea ction CV ) is not a major sink for oxygen atoms. This is confirmed

A
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by the observed low CO2 production rates. Thus the addition of CO should not

affect the kinetics of Reactions (I)-(iii).

Numerical integrations of Reactions (I)- (III) were done with various

combinations of k1 
- k111 in an attempt to simultaneously match the observed

concentrations of atomic oxygen reported in this work and the observed N20

decay rate reported earlier [6]. For completeness , these calculations in-

cluded Reaction V with kv = l .75XlO 34 cm6 molec 2 s~~. The effect of V was

checked by varying kv from 1.5-2X10
34. In all cases this change resulted in

less than a 2% change in the 0-atom profile. It was found that the combination

k1 4.5XlO~~° exp(-226 kJ/RT) cm
3 mo1ec~ s~ and k11 = k111 = 7.7XlO~~

exp(-1l7 kJ/RT) gave a good fit to both these observables. Fig. 1 illustrates

the agreement with respect to oxygen atom production. In like manner this

set predicts N20 decay rates well within the standard deviations of those

observed [6] between 2000 and 3000 K.

This value of k1 compares favorably with that reported earlier [6], while

and k 111 are about a factor of two higher than earlier suggestions . Use

of these new values also gave good agreement for all of the other observations

in our earlier work. These new assignments make possible quantitative agree-

ment between calculations and observations regarding the N20 decay rate [6],

the production of atomic oxygen , the time scale for atomic oxygen production

[10], and the effects of small amounts of added H2 [6].

This success in modeling a variety ~f types of data on the N20 system sug-

gests that the dissociati on kinetics are now reasonably well understood . Further

support for this contention is the recent work of Dove, et al. [13] who report a value

for k11 and k111 in this temperature range In excellent agreement wi th that

reported here.
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The Recomb ination of 0 and CO. The observed  l inear rate of CO 2 pro-

duction when N 20/C0/Ar mixture s were shocked could easily be ration-

alized in terms of Rea ctions (1)-Cu !) and (V). The constant flame-

band signal is perfectly consistent with the linear rate of CO 2
growth . Here the detector system is sufficiently sensitive that the

“ initial rate ” can be observed on a time scale of hundre d of micro-

seconds. Fven in the case of the highest observed rates of _ 10 19

molec cm 3 s 1 , th e amount of CO2 produced in 500 lisec is only 10%

of the 0-atom concentration and 3% of the CO concentration. Since

CO 2 dissociation has been shown [7] to be second order in this re-

gion , the recombinati on reaction is expected to exhibit third-order

kinetics. In this light ,an app arent recom bi nat i on rate cons tan t ,

kapp a ha s been def i ned as

= 
dCO 2fdt

k a p p  - [CO] 1 ~
0
~ rxn [MJ

For M ixture s A -D , [O]rxn is taken as the observed value shown in

Table I. For the other mixtures , 1°~ rxn was calculated using values

of k 1 — k 111 which gave the best fit to the N20 dissociation kinetics.

As was point ed out earlier , the observed flame-band signal was

consistent with those calculated values of [O]rxn~ 
bu t lack of a

background correction precluded direct use of the flame -band signal

here. Value s of kapp are l isted in Table I and shown in FIg . 2.

A brief inspection of Fig . 2 is sufficient to suggest that kapp
canno t be directl y i ndent i fi ed with kv . Such an attempt would not

be cons i stent w i th the ex pectat i on tha t kv was measured at the low

pressur e limit in these experim ents. Attempts to rationalize the

da ta In terms of the recombinat lon occurring in the fall-off region

_________ - 
~~~~~~~~~~~~~~~~~~~~~
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would also lead one in to serious di fficulties. This would conflict

w ith the obse rvations of Wagner and Zabel [7], and would require

that fall-off region to come at much lower pressures than expected

for such a simp le molecule. On the other hand , it is difficult to

rationalize the hi gh kapp valu es for the 1.2 kPa experiments as sim-

ple experimental error since additio nal experiments at even lower

initial pressures yielded even higher values for kapp •

An a l t e rna t i ve  explanation for the observed pressure dependence

of kapp is the poss ibi li ty tha t an alterna te channel for CO2 pro-

duction is opened at lower pressures. I n  this system such a possi-

b ili ty appears quite likely. The recombination process , being third —

order , drops off rapidly as the pressure is lowered and thus a second-

order process , though neg ligible at hig her pressures , could begin to

t mak e a sig nificant contribution to the total rate. . In this system

the large concentration of oxygen atoms can rapidly react with any

hydrogenous species present to produce OH radicals. These ,ln tu rn,

can react with CO to produce CO 2 vi a OH + CO + CO 2 + H. This effect

would not simply be a transitory perturbation at early times since

the hydrogen atoms produced in conjun ction with the CO2 can reform

OH by reacting with 02. A simplified mechanism where the impurities

are assumed t o be ei ther H20 or CH4 is listed in Table II~ Qualita-

tive ev idence to support this idea of impurity effects was obtained

from a series of exper iments when the tube was only pumped a few

minutes prior to a shock. Here the background pressure was an

order of magnitude higher than normal . It was observed that higher
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values of kapp were obta ined at all initial pressures , but tha t the

effect was much more dramatic at the lower pressures.

The influence of small amounts of impurities were estimated by

numeric ally integrating the mechanism shown in Table II. The pro-

cedure used ass igned ~n (initiall y) arb itrary value to k
~
, as si gned

concen tra ti ons of CH4 and H20, and tre ated the computed CO 2 profile

i n exac t ly the same way as the ex per i mental p rofi les to obta i n a

value of kapp • Any value of kapp /k~ 
greater than unity demon-

stra ted an enhancemen t i n CO2 production that was caused by the im-

puri ties. Several calculations included the recombination reactions

O + 0 + M + 02 + M and 0 + NO + M + NO 2 + M , but th e resu l ts were

not changed by this addition. The calculations were also checked

by several runs at zero impurity concentrations. Here , as ex pect ed ,

kapp /kV 1.0.

These calculat i ons demonstrated tha t, under cer tai n c i rcums tances ,

the CO 2 produc ti on rate w as remar kab ly sensitive to very small impur-

ity concentrations. Of par ticular interest was the observation that

the CO2 profile exhibited the same deceptively simple linear growth

even when an app rec i ab le fra cti on of CO 2 was being produced via Reac-

tion VII. As expected , the Incr ease in the value of kapp /ky was sig-

nifi cantl y greater at low er i n i ti al pressures. Th i s effect i s fur ther

enhanced by the fact that the contribution of impurities froM the

shock tube vi a outyassing is more severe (on a relative basis) at the

lower initial pressur es.

The impurities that might be present in these experiments are

likel y to come from either those Initially present in the gases used
¶ or those arising from outgassing of the shock tube. It was estimated

— - — — ——— —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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4 th a t the upper l imit of impur ities original ly in the ga ses use d could
be represented by 10 ppm CH 4 and the H20 pressure s ar ising from

ou tg a ss ing  as 12 mPa; these es t ima tes  are well ab ove those compu ted
from the nominal purit ies of the gases and the measured leak /outgassing

rate. Calculations using these estimates are summarized in Table
III. The reasonable agreement between these result s and the ob-

served kapp values strongl y suggests that the vari ation of kapp with

pressure can be ascribed to the Increasing importan ce of side reac-

tions at the lower pressures. Attempts to qu anti tati vel y corre ct for

these impurit y effects are particularly difficult . Not only Is it

Impossible to accuratel y determine the nature and concentration of

the Impurities , but the detailed mechanisms and associated rate con-

stants are uncerta in. The pru dent approach is obviously to focus on

those experime nts at the higher pressures where the effects of impuri-

ties are minimized. Thus , the data a t 2.7 and 4.0 kPa are considered

to be of most importance in assignment of a recomb Inat lon rate con-

stant. Note in Figure 2 that these data are consistent with the con-

cept that the Impurity contribution is small here . The 4.0 kPa values

are only slightly lower than those observed at 2.7 kPa. Also note that

the 2.7 kPa data exh ibit essent ially no temperatur e dependence. This

Is si gnifica nt since the calculations showed a mar ked increase In kapp
at lower temperatures. This seems to suggest that the actual impurit ies

In the 2.7 kPa m ixture were even smaller than assumed. In any event ,

It is clear that the data unequivocally rules out assignment of a

lar ge negative temperature dependence to k~ . Figure 2 Indicates that

Mix ture £ (at 4 kPa) gives valu es of kapp ~lO% larger tha n Mixture G.

Suc h an observation Is also consistent with the Impur ity hypothesis.

..;

~
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One wou ld  expect  React ion V to proceed — 3 .7 times as rapidly in G

with its i nc reased conce nt ra t ions  of 0 and CO. Thus the possibility

of CO2 formation via V II i s  e n h a n c e d  in Mixture E relative to G.

Mixture G should represent the kapp data least affected by impuri-

ties. Table III sugg es ts that here kapp ~ 1.15 kV . However ,the

apparent overestimate of the impurity effect at 2.7 kPa suggests that

a reasonable assessment  is that k
a p p  is less than 10% higher than

kv. Thus i t  w o u l d  a p p e a r  that k
~ ~ 

l.6X1O 34 cm6 molec 2 s~~ near

2800 K. The lack of a temperature dependence in the 2.7 kPa experi-

ments su ggests this value of k~ is a reasonable estimate over the en-

tire range of these experiments .

The three most likely sources of systematic error in these ex-

per im en ts are the CO 2 calibration factor , the 0-atom determination , and

the calculation of reflected shock concentrations. The measured

(temperature-dependent) calibra tion factors showed good reproduci-

bility ; it is estimated that the error Introduced In the conversion of

the observed signal to the reported CO 2 product ion rate is much less

than 10%. The 0-atom calibrations were done with several mixtures

at low initial pressures to min imize the infl uence of recombi nation

reac tlons .Although errors in assignment of post -shoc ir concentrations

are poten tially serious since kV is a third order rate constant ,

such errors are bel ieved to be small since such good agreement was

obta ined between measured and observed pressures. Thus it is felt

tha t the uncertain ty due to these three factors is on the order of

10%. Standard deviations in measured values of kapp for each of the

2.7 kPa and 4.0 kPa mixtures were obtained as an estimate of the

-—

~
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measurement errors.  The av erage of the quant i ty 2 a/kapp was

15%. Thus , the ov erall uncer ta i n ty In th i s wor k appears to

be on the order of 20% and a reasonable es t imate  of k
~ 

i s

(l.6±O.3)xlO 34 between 2100 and 3200 K.

This value is consistent with that obtained by Brabbs and

Belles [2) and the limit obtained by Hardy , et al. [43, but is

clearl y at odds with that reported by u n  and Bauer [3]. In a

recent review [18], Troe com bi nes th e mos t recent stud i es of CO2
dissociation [4,7,8] with the well established recombination rate

data at low temperatures to recommend an expression for the recom-

bination rate between 300 and 3000 K. This expression gives k~ =

l .t 8x10~
34 at 2100 K and 9.3xlO 35 at 3000 K. It is felt that the

agreement between this expression and that observed in this work is

sufficiently good , both in magnitude and tempera ture dependence , to

suggest that the high temperature data on the CO 2 system is now con-

sistent. In particular, th i s work presen ts add ed ev i dence tha t the

dissociation of CO 2 exhibits a “normal ” activation energy and that

the l ower values obtained In earlier work were probably due to com-

plications introduced by Impurities.
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Table II. Poss ible Mechanism for CO 2 Product i on

*
R a t e  C o n s t a n t

-: React i on A 
~-a 

Reference

I P420 + M = P42 + 0 + M 4 .5 E — 10 226 Th is wor k

II P420 + 0 = 2N0 7.7 E — 11 117 This work

III N~O + 0 = N2 + 02 7.7 E — 11 117 Thi s work

V CO + 0 + N = CO2 + N 1.7 E - 34 0 See text

VI 0 + H20 = 20H 6.3 E - 10 82 14

VII OH + CO = CO 2 + H 3.8 E - 12 24 15

VII I H + 02 = OH + 0 1.6 E - 10 63 16

IX 0 + CH4 = CH 3 + OH 2.6 E - 10 33 17

X 0 + CH3 = CH 2O + H 1.0 E - 10 0 17

XI 0 + CH 2O = H + CO + OH 1.0 E - 10 0 17

*Ex pressed in the Arr henius form , k = A exp(_E a/RT).
A in cm-molecule -sec un its; Ea In kJ /mol.



-1 9-

Table III. Effect of Impurities on kapp

kapp (10~~ cm6 molec ’2 s~~)

Mixture F Mixture 0 Mixture G
P1 1.2 kPa P1 = 2.7 kPa P1 = 4.0 kPa

I (°K) (lOppm H2O & CH4) (5ppni H20, loppm CH4) (3ppm H20, l0ppm CH4)

2200 — 2.93 —
2600 3.65 2.40 2.11

3000 3.05 2.21 1.96

In all cases the rate constants in Table II were used.
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L E G E N D S

Fig. 1. Values of [Ol rxfl/[N 2O]i versus tempera ture at initial

pressur~~of 2.7 kPa . (a) Mixtures containing —2% CO:

• = Mixture A;  A = Mixture B. The so l id  l ine is

ca lcu la te d  for Mix ture  B at an init ial pressure of 2 .7

kPa using the rate constants cited in the text. (b)

Mixtures containing —4.3% CO: Q = Mixture C; j~ =

Mixture 0. The solid line is calcula ted for Mixture C.

Fig. 2 Values of the apparent rate constant for recombination ver-

sus temperature. Init ial pressures near 1.2 kPa: 0 = Mix-

ture F; ~A = Mixture C. In itial pressure near 2.7 kPa:

• = M ixture A; A =  Mixture B; U = Mixture C; •= Mix-
ture D; V = Mixture E. I n i t i a l  pressures near 4.0 kPa:

0 = Mixture E; (J = Mixture G.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- —•-.-- -- ---- - - - - - - -—-,—- - — — ——-----—— —.--—.—-,-.~ — —
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